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Method of Collecting Placental Stem Cells 
Background of the Invention 

BENEFIT OF PRIOR PROVISIONAL APPLICATION 
This utility patent application claims the benefit of co-pending prior U.S. 
Provisional Patent Application Serial No. 60/251,900, filed December 6, 2000, 
entitled "Method of collecting embryonic stem cells" having the same named 
applicant as inventor, namely Robert J. Hariri. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is generally in the area of stem cell collection, and 
particularly in the recovery of embryonic-like stem cells and other multipotent 
stem cells fi-om placentas. These embryonic-like stem cells are derived firom the 
placenta collected after birth. These embryonic-like stem cells have 
characteristics of embryonic stem cells but are not derived from the embryo. 

2. Description of the Background Art 

Human stem cells are totipotential or pluripotential precursor cells capable 
of generating a variety of mature human cell lineages. This ability serves as the 
basis for the cellular differentiation and specialization necessary for organ and 
tissue development. Recent success at transplanting such stem cells have 
provided new clinical tools to reconstitute and/or supplement the bone marrow 
after myeloablation due to disease, exposure to toxic chemical or radiation. 
Further evidence exists which demonstrates that stem cells can be employed to 
repopulate many, if not all, tissues and restore physiologic and anatomic 
functionality. The application of stem cells in tissue engineering, gene therapy 
dehvery and cell therapeutics is also advancing rapidly. 

Obtaining sufficient human stem cells has been problematic for several 
reasons. First, isolation of normally occurring populations of stem cells in adult 
tissues has been technically difficult, costly and very limited in quantity. 
Secondly, procurement of these cells from embryos or fetal tissue including 



abor^ses has ra..ed many eteal a«i mo«. c»ncems. The widely h..d beUef *a. 

tt,e human embryo and ferns cons.im.e independ^,. life has jusufled a 

moratorium on me use of such sources for any purpose. 

„hich do no, violaie .he sanc«y of independent life would be essenf al for father 

progress in the use of stem cells clinically. 

Umbilical cord blood (cord blood) is a known source of hemopo.eUc 
pluripotent, progenitor stem cells that are cryopreserved for use in hemopo.efc 
institution. The»seofcordbloodfor.hispurposeiswellknownand,s 
becomingawidely used therapeuticproc^iure. The conventionaltechnr^ue for 
tecollectionofcordbloodisbasedontheuseofaneedleorcannulawhtchts 

used with the aid of gravity to drain the cord blood flom the placenta. Usually the 
needle or cannula is placed m the umbilical vein and the plac«.«. is gently 
^agedtoaidindrainingthecordbloodfe-mtheplacent. TT.erea.ter the 
dnunedplacenmhasbeenconsider^tobeofnouseandhastyptcallybe^ 

aiscarded. A major hmitation of st«n cell procurement trom cord blood has been 
me fe^entlyinadequatevolumeofcordblood obtained resulUngininsutHcent 

cell numbers to reconstitute bone marrow after h^lantation. 

Stem cells are in critically short supply. These are important for the 
tteatment of a wide variety of disord^s, including malignancies, ihbom errors of 
metabolism, hemoglobinopathies, andinununodeficiences. I. wouldbehtghly 

advantageous to have a source of more embryonic stem cells. 

Accordingly, it is a primary object of the present invention to provide a 
method of extracting and recovering hematopoietic stem cells ftom an 

exsanguinated placenta. ,. „„,i,„ 

U is also an object of the inv«ition «. provide a method for rsolatmg other 
embryoniclik. and/or omnipotent stem cells from an extractant of a dramed 

""^""it is a further object of the invention to provide a method to coUeC stem 
cells from the umbilical cord vein, the best source of hemopoietic plurip«.«.t 

progenitor stem cells. 




„ is a furmer object of fte present invention to provide a method and 
^eanswhereb, addition. embryonicU^estcnceUsinhi^erconcentranonscan 

be obtained from a drained placenta. 

,..a«mherobiectoftheinve„.>ontoprov,dean,ethodof»t.Uz,n,d« 

isolated and perused p.a«nta as a b.orector prov.ding a good envi^nment for 
propagation of endogenous oelU, inc.nding but no. iintited to iyntphooytes and 

"lus a further object of the present invention to provide a method and 
„eans whereby stemeeuscanbeobtainedmanyhoursfonovangthebirth and 

expulsion of the placenta ftom the uterus. 

Summary of the Invention 
Amethodofcxtractingembryonic-UkestemceUsf^madrainedplacenta 

bymeans„faperfi.iontechni,uev.Mohuti,i.eseitherorbothoftheumbU.a^^^ 
a^eryandumbi,ica,vei„hasbeendeve.oped.ontherecoveryofhnn>anp.ac».ta 

ILgexsanguinaUonandcoiiecHonoftheresiduaibiood. ^epla^ s 

then processed in such a manner as to esUblish an e. v, w,, nabrra. b— 
environment in which resident stem cel.s within the parenchyma and 
ctravascuiar sp^ .re recruit^ and migrate into the empty mtcroerrculatton . 
where they can be washed into a coUecting vessel by perteron. 

Brief Description of the Drawings 
Figure , is.cross-secUonal view ofthecannulationotthe vein and artery 
ofaplaeentatoperfusetheplacentaandthencollecttheperfusate 

Figures 2a-e are schemaUcs showing *c collection, clampmg, pcrflMon. 
eollectionandstorageofadrainedandperfi.sedplacenta. 

Figure3isacross^o».schema«cofaperfirs.dplacenUmadev,ce 

for use as a bioreactor. 

Figure4isaseleeaonschemeforsorU.gcel.sretrievedfromaperfUsed 

placenta. 
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Detailed DescriptioD «f the Invention 
,. Method of Draining and EKtracttog Placenta 

.cthod requires access .o ftesWy drained human placemas «h.ch 
.^eheensuhiectedtoaconvenUo^icordWoodrecovervprocess^ 

.hs.a..ia..ya>,of.hecordMoodfto,„e.epiace„.a. ...s^portan « 
pUcenta be properly stored and drained if it is to be a su,.ab,e source of 
Xo-celis. Oene^.y.ap.acenu-'""""-'"-^'"'' 

solution at a temperature of 5 to 25= C (centigrade) for no tnore than 48 hours 
:ritheco,,lnofthecordblood.Suitahleanticoagu,antsouh„nsare»el, 

r Anreferredanticoa^-solutioncomprisesasolutionofhepann 

::rMt^so,ut.o„rOeneral,y,.hedrainedplacenta^^^ 
S !l:„rethan36ho„,shefore.heen,br,o„ic-U.este™ce.,sareconected. 

W p^fi-ortmn of Cells Ar.»ihP 

;;;:;;;-;:^^onic-like st™ ceU extraction method .s based on the 
^o. of the drained pla^ta a suitable aqueous fluid such . an 

a^ou^eimerorhothof^euntbilica. artery and^nbiUcalvetnustnga^v^ty 

I:L.heplacentawhichissuspendedinsuchamam.erti«.theun,b,^ 
LanduIi.icaiveinareat.hehighestpoi«t..tisp.eferr^«.co»ectthe 

l:,ica.arteryandtheu..bilica.v..simultaneouslyassho«n».^^^^ 
pip^tetha. is connected viaailexibleconnectortoareservotroftheperft^ton 

Zrd»hichispass.dintotheumbi.icalveina.Klar.erya„dco^u.a 

j;,ableopenvessel..>n.thes«rfaceofthep.a«ntathatwasa.tachedtothe 

Uterus of the mother during gestation. 



t=3? 

in 



-4- 



a 

Hi 



as me pension liquid is passed .H^ugh *e placenta. General y 
r,o:.00™.o;e...ion.i<,.disade,na.e.oco,,ec..e^^^^^^^^^ 
eellsbutmo^orless may beuseddependingonme observed .esuUs. 

„. Me«..d of «sl.g *e Drained and Perfused Place., as • BioReaCr 

r^rfiH^f the DrainedPlacaita 

Md,scussedabove,*eplace„.aisr.coveredunderasep«c — 
tollowi„gexsanguinauona„dclan,pingoftoproximal„mb,Ucaloord(-d»n4 

Zume. "ofd.ein.r.io„,„to*eplaoe„.a.disc,andp.acen^^^^^ 

rlr,and«anspo«ed.as.e.le,.^..— 

::«ZIobis.e.p.aced.an — S.,™foan.o„n..nerorvac„un, 

illation container, as shown in Figures 2a-e. 
Ussofftefeena^ABiaEeacta 

. , „, The wash nuid is discaided. The umbilical 
phosphate-buffered normal salme. The wash lluro 

Jscannu.a.edwi.haTef,onorplas.ioca„nu,aco™,ec.«..os.^nl^hn^ 
„biehisc„nn»:ted.othepera.si„nmanifold.asshownmF.g>^.Th^^^^ 

...ereda..eP^.J-^— ^^^^ 
oeriod varying fix)m 2 to 24 hours, incp vu,inn 
7 k/ tl 8 12 and24 hours, withavolumeofperfusate, preferably 100 

FDT A and/or CPDA (creatme phosphate dextrose)), 
heparin and/or EDTAan<i;ori..r „ii-clal and processed 

fluid which es^estheplacen.aa..heopposi.esurftce,scoUeCeda^P 

ri^Utethestemcellsofinter^t. Alterations in the conditions m which the 
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p.^.,s— a„d.he„aU^of*epe*sa.coa„be,.aee.o.odu,a« 

thevolumeandcompositionoftheeffluenl. ,, „^h„ 

S.«. cUs a« men isolated from U,e effluen. using .ech™<pes kno™ by 
^ skiiW i» a,e 3«. such as tor exan,p,e, density gradient cctrifugafon. 
!:;:tcei.sepa«.ion<.rot>.e,accepta.ien,eth«..andsoned,fo,exan,p.e. 

according to the scheme shown in Figure 4. 

to variaHons of U.s tnethod, the cells in the placenta can be sun, lated to 
p„duce bioactive molecules, such as inununoglobulin. or other nrolec*. or 
.i..latedtop— ,forexa.np.e.byad„.nis.ra.ionofe^^^^ 
eeus can also be genetically engineered prior to harve* wtale sttU m the 

w!L„r or at the Un,e of harvest, using for exantpl. a viral vector such as an 
broreactor. ^ ^ „ 

adenoviral or retroviral vector, or using mecn 

chemical mediated uptake of the DNA. 

The ptocedore is as follows: , . j ,„ j 

, pully exsMguinate the placenta and remove any adherent coagulated and 



2. 



3. 



non-adherent cellular contaminants, 
without an antimicrobial agent. 

collect both the extravasated perfirsate and circulated perfusate into a 

Sterile receptacle. 

U„.a.ece.l.ypes^.---t^;Xl^:^^^^^^^ 

^aSifn or differential adhesion tectan,ues. 
U,„neembodimentoftheinven«on,,heplacentaisusedasabiorea«or 

..endoge«.uscells,hic.udhigbutno..imi.«..o.ymphocy«sandvario^^^^ 
!,pl„ripotentand/ortotipote„.s.emce.ls.hyinc„baUng.hep.ac«.ta«br48h„nrs 

with perfiisate solution. 

U,anotherembodimen..heplacentaisp,»cess^.oremoveall 

end„geno«sce.lsandal.ov^gtoreignce.ls.obeintroducedandp.P^^.n 
«.ee^vironmen.ofd.eper«tsedplac«..a.h.apa«icularembodime„.*e 
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pe^teed pucla is wim e.«.o™g«.«c UV, X.«y. ^a- or beu- 
LiaJo«adica,eaI.re— gviab,.e«.oge„ousce.U.Thefore.g„cd.^ 

wll be ,»pa.a.e. i. *e i.a<.ia.e<i place„«. bioreao.or are ,hen .n— . 
reIosl^«^cemarein.uce..opropa,a,ebyin«od.c«onof— 

ana gro^ft factors into me perfcsion s„W»" Sen™ and other growTh factors 

::^l^.„«.epropasationper«.sion-'*--^'-- 

proteir^andWudebutarenottoitedto cytokines. l>™phok,nes 

interfe^ns, colony stimt^ating factors (CSF.,, interferons, ohe.no.r,„es, a^^ 
i„,er,e„Bns. Other growth factors inc.«dereco«binan.h™anhen,opo,«,c 

powth factors including Ugands. stem cel. «ors, thrombopoertm (Tpo), 
Leu.cins.a„dgra„ulocytecolony-sUn.ula«.gfac.or(GCSF,.ll,erow.h 

fectors introduced into the perteionsolutioncanstinrulatethepropagatrono 

rdifferentiatedsten.cellsordi.eren.,atedhen,opoie«c.«sa„ds.,™^^^ 
p^ucUon„tbi„activenK,leculesincludingbu.not.innted.o,nnnunoglobnlms, 

homtones. or other growth fectors as previously de«^bed. 

The present invention will be fcrthe, understood by reference to the 
following example. 

Eiample I : Perfusion of Drained Placenta. 

Twenty ml (milliliter) of phosphate buffered saline solution (PBS) is 
,,aed«>theper«onU^idanda,Omlportioniscollectedandcen.n^ge^^for 

^S minutes a. 3000 rpm (revolutions per minute). The effluent rs drvd^ tnto 
four tubes and placed in an ice bath. 2.5 ml of a 1% fetal calf serum (FCS) 
.,utioninPBSisaddedandthet„besarecen.rifi.ged(140mm««^^ 
(acce,erationdue,ogravity)).Tl..penetisresuspendedm5mlol/.F«^^^ 
Ltubesarec„mbined.mtota.mononuc,eocytesareca.cuUedbya*l^ng«.e 

llymphocytesa„d.hetotaln.n„cyte.andm„.tiplying.hisby.heU,.a.cell 

suspension volume. 
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Example 2: Analysis of Cells obtained by Perfusion and Incubation of 



Placenta. 



iSL LanJi NSE% ^ ^ 



CB 

(Cord 

Blood) 



PP2 11.7 
(Placenta 
perfusate, 
37" C) 



Total # of 



10.5 43.2 



pp 12.0 62.9 

(Placenta 
perfusate, 
room 
tempera- 
ture) 



56.0 



18.2 



19 



48.8 60 ml 6.3X10'' 



18 



,9 15 ml 1.8X10' 



,2 24.8 30 ml 3.5X10^ 



Samples of PP were after FicoU. ^ 

percent of midrange white blood cells; and GRA/o is percent 
granulocytes. 

cell isoMon is achieved by using ma^etic cell separation, such - 

L Macs (Miltenyi). Preferably. CD 34+ cell isolauon is perfonned first 

MATFRIALS tUTlMFTHODS 

PUcenU donors were r^ruited 6om expectant mothers that enrolled in private 
^Ucal cord blood banldng programs and provided informed consent pemntttng 
the use of the e>«anguinated placenta following recovery of cord blood for 
^h purposes. These donors also pennitted use of blinded data generated 
fiom the nonnal processing of ftdr umbilical cord blood specimens for 
..yopreservalion. Ms allow«i comparison be^»e«. the composition of the 
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eoueced cord Wood and *e effluent perf»sa» rccov„ed using eKperimcnU> 
method described below. All donor data is confidenUal. 

Followingexsanguinationof the umbilical cord and placenta, *ep'-«»«- 

pUced in a sterile, insulated container a. room temperature and delwer^ to the 
laboratory within4ho»rsotbirih. Placentas were discardedif. on tnspecnon, 

,hey had evidence of physical damage such as fragmentation of the organ or 
avulsionofumbilical vessels. Placentas weremdntaineda.,oomtemperan>rc 

(23+/-rC) or re&igerated (4"C) in sterile containers tor 2 to 20 hours. 
Periodically, the placentas were immersed and washed in sterile sahtre a. 25./- 
3-C to remove any visible surface blood or debris. T1« umbilical cod was 
aanseced approximately 5 cm from its in^rtion into the placema and flte 
S rmrbilicalvesselswerecannulatedwithTenonorpolypropylenecadr^ers 
* ^m^ctedtoasterilefluidpathallowingbi^irectionalperfrrsionoftheplace^rt. 

andrecoveryottheeffluentnuid. Tire system employed in the present mvenUon 

enabledallaspectsofcondi.ioning.l-a^i""-*''""^'"'''-^^ 
performed under controlled ambient atmospheric conditions as well as real-tmre 
monitoringofint«vascularpressureandflowrate,.coreandperf«sa.e 

2 temperatures and recovered effluent volumes. A rang, of oonditromng protocols 

Jeva,ua,edovera24hourpos.-pamnnperiodandfl.eceBularcom^onof 

the efflux., Huid was analy^ by How cytometry. Ugh. nncroscopy and colony 



pa 



pi 

if? 



forming unit assays. 

Placental Conditioning 
The placent 
and sustain 



TheplacenUw,smaintainedund«varyingco.^.ionsinananemptt„s,mula.e 
and sustainaphysiologically compatible orvironmen, for theprohferatron^d 

recruitment of residue cells. The camtula was flushed with M)M serum-fi^ 
medi™n(GibcoBRL.NY)contaimng2U/n,lheparin(Etos.Sinn.W. erfcsron 

ofthe placenta continued a,ara.eof50mLpermi.u..un,ilapp.ox,matel, .50 

mLotperfusate was collected. This volume of perfusate was labeled early 
ftacdon-.Conti.uedperfusionoftheplacen.aat the samerateresultedrnthe 
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coUecUon of a second fraohon of app— ly .50 mL and was labcM late 
fraction-. Dun„gmeco„.eoffl,eprocedurc.U,.plaoe„u was genUymassaged 

,0 aid in .he perfusion process and ass,s, in 0,= «cov.ry of cellula, matenal. 
Effluent fluid was ooUeCed from *e perfusion circuit by both gravity dramage 
and aspiration through the arterial cannula. 

Placentas were obtained ftom delivery rooms along with cord blood afler 
obtaining written parental cons«,t, and were processed at room temperature 
within 12to 24 hours after deUv«y. Before processing, the membranes were 

amoved and the maternal site washedcleanofrcsidualbloodmumbihcal 
vessels werecannu,a.edwimcath«ersm^eirom20gaugeBut.erflyneed^.use 

for blood sample collection. Placentas were then perfused with heparimzed 
(2U/mL) Dulbecoo's modified Eagle Medium (H.DMEM) at the rate of 15 
noyminute for 10 minutes and the perftsa.es were collected from the mat«nal 
siteswithinonehourandthenucleatedcellscounted. The perteion and 
..Ucctionproced^es were repeatedonceortwiceuntil the numberotrecover^i 

„„cleat«l cells fellbelowlOO/microI,.Tl.eperfi^a.eswerepco,ed and subjected 

,„hgh.cen.rifugattontoremoveplatele.s,debrisandde-nuclea.edcell 
n,embra„es.Thenucleated cells werethenisolatedbyFicoll-Hypaquedensrty 

™dien.contrifi.gationandafterwashing.r«uspendedinH.DMEM.For 
isolation of the adherent cells, a,i,uo.s of 5-10x10^ oelU were placed m each of 
several T-75 flasks and cultured wifl, commercially available Mesenchymal Stem 
CeU Growth M^um(MSCGM)obtain«l from BioWhittalcer,andplacedma 

tissuecultureincubatorpr C. 5%C0.). A«er lO.o 15 ^^y^'^'^'^ 
cells wereremovedbywashingwithPBS. which wasthen replaced by MSCGM. 

me flasks were^camineddaUyforthepresenceof various adherent cell types 
and in particular, fbr id«.tific«ion and expansion of clusters of fibroblastord celU. 

PpII Recovery ^r^A Tsolation 

cells are recovered ftom the perfusates by cent.ilug.tion at X 00 x g for 15 
nnnutesatroomtemperamre. This procedure serv«i to separate cells ftom 
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Ph3n„a.Oslo.Nor«ay)accord.ngU,.heman 

hemooy.ome.er. V,ab.U.y ,^3miza<ion,- u.ing a sota.,on 

Tor::tro.rr(s:: 

of 0.05 /o trypsin wiu surfaces w thin about 

possible beoause fibmbWoW ooUs deUehed from plas..o s>»fa 

fTNSBioWhitaker). The cells were washed in H.DMEM 
(TNl>,mow ..^^HoutusingaBecton-Dickinson 
MSCGM. Flow cytometry was earned out using 
^cLb-rins»m.e„.».HrCa„dPB>abe,edmo„oco„a,^^^^^^ 

se.ee..o„.ebas.o..ownmar.ersror.„em^w.^- 
,_.yma.s.em..H.^^^^^^ 

^t -reaoavi«esof*eMoAbsm.he.rcu,»^ 
„ere ob».ned ^^^^^^ ,,^y, ,oa. an-i-mouse 

r^":^ lloarH»dou..ing.hec„mmerciany 
a„,ibodies. Uneagedafferenaatton ^ ^^^^^ 

available induCion and mamteoanoe oolWre medul I 
manuftcwrer's insttuctions. 
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blood and therefore considered to be non-stem cell in nature. The fibroblastoid 
cells, appearing last as clusters, were candidates for being MSG and were isolated 
by differential trypsinization and subcultured in secondary flasks. Phase 
microscopy of the rounded cells, after trypsinization, to be highly granulated; 
indistinguishable from the bone marrow-derived MSG produced in the laboratory 
or purchased from BioWhittaker. When subcultured, the placental-derived cells, 
in confrast to their earlier phase, adhered within hours, assumed characteristic 
fibroblastoid shape, and formed a growth pattern identical to the reference bone 
marrow-derived MSG. Moreover, during subculturing and refeeding. the loosely 
bound mononuclear cells were washed out and the cultures remained 
homogeneous and devoid of any visible non-fibroblastoid cell contaminants. 

Flow Cytometry 

The expression of CD-34. GD-38, and other stem cell-associated surface markers 
on early and late fraction purified mononuclear cells was assessed by flow 
cytometry. Briefly, cells were washed in PBS and then double-stained with anti- 
GD34 phycoerythrin and anti-GD38 fluorescein isothiocyanate (Becton 
Dickinson, Mountain View. GA). 

Whereas particular embodunents of this invention have been described 
herein for purposes of illustration, it will be evident to those persons skilled in the 
art that numerous variations of the details of the present invention may be made 
without departing from the invention as defined in the appended claims. 
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